Ethylene glycol induces calcium oxalate crystal deposition in Malpighian tubules: a Drosophila model for nephrolithiasis/urolithiasis  by Chen, Yung-Hsiang et al.
see commentary on page 327
Ethylene glycol induces calcium oxalate crystal
deposition in Malpighian tubules: a Drosophila model
for nephrolithiasis/urolithiasis
Yung-Hsiang Chen1,4, Hsin-Ping Liu1,4, Huey-Yi Chen1,2, Fuu-Jen Tsai1,2, Chiao-Hui Chang1, Yuan-Ju Lee3,
Wei-Yong Lin1 and Wen-Chi Chen1,2
1Graduate Institute of Integrated Medicine, Graduate Institute of Acupuncture Science, College of Chinese Medicine, China Medical
University, Taichung, Taiwan; 2Department of Urology, Department of Obstetrics and Gynecology, Department of Pediatrics, China
Medical University Hospital, Taichung, Taiwan and 3Department of Urology, National Taiwan University Hospital, Taipei, Taiwan
Several animal species are used to study calcium oxalate
urolithiasis; however, an ideal model has yet to be identified.
We used Drosophila as a model organism and fed the flies
lithogenic agents such as ethylene glycol, hydroxyl-L-proline,
and sodium oxalate. At different times, the Malpighian
tubules, the kidney equivalent of insects, were dissected and
a polarized light microscope used to highlight the
birefringent crystals. Scanning electron microscopy and
energy-dispersive X-ray spectroscopy confirmed that the
crystal composition was predominately calcium oxalate.
Furthermore, administration of potassium citrate successfully
reduced the quantity of and modulated the integrity of the
ethylene glycol-induced crystals. Thus, the Drosophila model
of bio-mineralization produces crystals in the urinary system
through many lithogenic agents, permits observation of crystal
formation, and is amenable to genetic manipulation. This
model may mimic the etiology and clinical manifestations of
calcium oxalate stone formation and aid in identification of
the genetic basis of this disease.
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Urolithiasis is a common human disorder affecting B9.6%
of the population in Taiwan and a range of 10–12% of the
population in industrialized countries.1,2 The progressive
increase of the social cost for treatment of urolithiasis may be
related to increased incidence of the disease and/or to an
increase in costs for diagnosing and treating renal stones.
Many factors can induce urolithiasis or cause a predisposi-
tion to its development. Such factors include dehydration,
particular medications, alkaline urinary pH, hypercalciuria,
hyperoxaluria, and a family history of the disorder.3 In
humans, calcium oxalate (CaOx) is the major component of
uroliths, and CaOx stones constitute B80% of all stones.4
Therefore, most investigations of urolithiasis have focused on
CaOx stones. Although several species may be used as animal
models for the study of human CaOx stone disease, an ideal
animal model has yet to be identified.5 The ideal animal
model should mimic the true pathogenesis of the human
disease and allow genetic manipulation with convenient
observation of results as well as being cost effective and easy
to breed.6
Kidney stones in both humans and hyperoxaluric rats are
located on renal papillary surfaces and consist of an organic
matrix and crystals of CaOx and/or calcium phosphate.
Hyperoxaluria can induce CaOx nephrolithiasis in both
humans and rats. Dietary factors play an important role in
kidney stone formation.7,8 Oxalate metabolism is considered
to be almost identical in rats and humans. Thus, there are
many similarities between experimental nephrolithiasis
induced in rats and human kidney stone formation. A rat
model of CaOx nephrolithiasis can be used to investigate the
mechanisms involved in human kidney stone formation.5,9
Thus, the disease is experimentally induced and the rats are
generally made hyperoxaluric either by administration of
excess oxalate, exposure to the toxin ethylene glycol (EG),10,11
hydroxyl-L-proline (HLP),12 sodium oxalate (NaOx),13 or
various nutritional manipulations. The advantages of the rat
model include a high rate of stone formation, convenient
animal breeding, and a well-known anatomy. However, the
costs of breeding and care of experimental rats have been
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increasing. In addition, the costs of performing gene
knockout experiments in rats are also high and occasionally
accompanied by technical difficulties. Other problems that
may arise with the use of rats may include cases of normal
animals having natural inhibitors of abnormal mineralization
and cases of uncharacterized genetic promoters of metabolic
pathways related to stone formation or destruction.
Dionne and Schneider14 have described two features of
Drosophila melanogaster that make it particularly valuable as
a model organism. First, the tools available for studying
Drosophila are very accommodating for the study of basic
biology. Second, Drosophila is a good model for researching
human disease, such as cancer, neurological disorders,
diabetes, and drug addiction, because any findings translate
well into medicine.14 All multicellular organisms have a
specialized organ for concentrating and excreting wastes from
the body. The kidneys in vertebrates and the Malpighian
tubules in Drosophila accomplish these functions. Mammals
and Drosophila have similar features during renal tubular
development.15,16 MacPherson et al. have reported that
Malpighian tubules act as a genetically tractable system in
the regulation of ions and epithelial fluid transport.17
Recently, investigations of the genomics of the Malpighian
tubules have revealed far more extensive roles for these
structures. The tubules have the capability to actively excrete
a very broad range of organic solutes and xenobiotics such as
insecticides.18 The major excretory epithelia in insects are the
Malpighian tubules and hindgut, which act in concert to
form the functional kidney. Secretion of fluid and ions by
Malpighian tubules may be followed by reabsorption of
water, ions, or useful metabolites.19–21
The recently described models of animal stone disease may
help us better understand and ultimately treat nephrolithiasis
in humans. Given the number of similarities between
treatment patterns for humans and animals, many urologic
human treatments are now being integrated into the
treatment of domestic animals.22 In our previous study, we
used EG to induce kidney calculus formation in rats and
identified examples of Chinese herbal formulas that can
inhibit this effect.10,11 Herein, we report a novel Drosophila
animal model for the study of stone disease. Hyperoxaluria-
causing agents in rat model, including EG, HLP, and NaOx,
were employed as lithogenic agents. The present animal
model effectively produces crystals in the Drosophila urinary
system. In addition to being cost effective, it is convenient to
observe the crystals and perform genetic manipulations. We
expect that this model is also adaptable to other lithogenic
agents (such as melamine-tainted infant formula) and will be
useful for investigations of the effects of new treatment agents
for the prevention of CaOx crystal formation.
RESULTS
Crystal-inducing agents
A pilot study has been performed with many different
lithogenic agents to establish our Drosophila model. In order
to compare the effects of several experimental CaOx crystal
formation models in Drosophila and to identify a simple and
convenient model with significant CaOx crystal deposition in
the Malpighian tubules, several lithogenic agents (including
EG, HLP, and NaOx that were used in previous rat models)
were fed to individual insects of the Canton-S (CS) strain of
D. melanogaster. At different periods during the experiment,
Malpighian tubules were dissected and a polarized light
microscope was used to highlight the birefringent crystals of
CaOx. Figure 1a shows a view of the classical morphology of
Malpighian tubules. The CaOx birefringent crystals appeared
as early as 14–21 days after ingestion of EG, HLP, and NaOx
in the Malpighian tubules of Drosophila when viewed with
polarized light (Figure 1b). Monohydrate CaOx crystals
(clear or jewel-like gloss; six-sided prisms or various forms;
Figure 1c) are more common than the typical dihydrate
CaOx crystals (Maltese cross or envelope-shaped crystals
induced by feeding of a herbal formula; Figure 1d). Various
forms of monohydrate CaOx crystals shapes were also
identified. Free crystals were extensive, with many incorpo-
rated in casts. Their size is estimated to vary approximately
between 5 and 20 mm. Most crystals were identified within
the ‘enlarged initial (distal) segment’ of the anterior
Malpighian tubules. Crystal formation was evaluated using
a polarized light microscope. Figure 1d indicates the different
degrees (, þ , þ þ , and þ þ þ ) of CaOx crystal
deposition in the Malpighian tubules. Each blinded specimen
was evaluated by three investigators who assessed crystal
formation using a crystal score of 0¼ none, 1¼weak,
2¼moderate, and 3¼ strong. To avoid interassay variability,
all samples used for this scoring method were observed from
samples under the same polarization conditions.
The optimized drug concentrations, crystal-inducing
period, and incidence of crystal formation for different
lithogenic agents are shown in Table 1. We successfully
induced ‘moderate to strong’ CaOx crystal formation in
Malpighian tubules of Drosophila with the hyperoxaluria-
causing agents, EG, HLP, and NaOx, in a dose-dependent
manner. As EG caused the most consistent results for the
CaOx crystal deposition in the Malpighian tubules, we
recommend using EG (0.5% in fly medium) as the major
crystal-inducing agent. This dosage is similar to the inducing
dose of 0.75% EG in drinking water used previously in the rat
urolithiasis model.10,11
Crystal identification
Qualitative analysis using energy-dispersive X-ray spectros-
copy (EDS or EDX) is a powerful tool in microanalysis.
Elemental analysis in scanning electron microscopy (SEM) is
performed by measuring the energy and intensity distribu-
tion of the X-ray signal generated by a focused electron
beam.23 In addition to use of the polarized light microscope
for assessing crystal refraction, SEM and EDS were also
used to identify the relative elemental composition of the
crystals. After removal of the Malpighian tubule tissue
with lysis buffer containing 10% proteinase K (Invitrogen,
Carlsbad, CA), SEM reveals the crystal deposition inside the
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Malpighian tubules, and the EDS analysis successfully
identifies the crystal composition. The predominant compo-
nents are found to be carbon (C) (weight: 29.6±8.3%;
atom: 42.8±8.7%), oxygen (O) (weight: 39.6±5.7%;
atom: 43.5±6.7%), and Ca (weight: 30.8±8.9%; atom:
13.7±4.9%; Figure 2). The results of this microanalysis
confirm that the crystal composition is predominately CaOx
(chemical formula: CaC2O4 or Ca(COO)2).
Drosophila life span
Renal stones lead to chronic kidney disease in humans and
may be associated with an increased mortality rate. As it is
difficult to evaluate the levels of creatinine and urea nitrogen
as well as symptoms, behaviors,24 and clinical characteristics
in our Drosophila model, the relationship between different
lithogenic agent-induced crystal formations and the life span
of Drosophila were measured. Survival studies were performed
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Figure 1 |Hyperoxaluria-causing agent-induced calcium oxalate (CaOx) crystal deposition in Malpighian tubules. (a) A drawing
of the Malpighian tubules. Drosophila has four tubules; the anterior pair and the posterior pair. Each tubule has distinct morphologic
regions: initial, transitional, main segments, and lower tubule. The two tubules in each pair merge together at ureters and connect to the
gut at the midgut/hindgut boundary. (b) Representative polarized microscopy photos for ethylene glycol (EG)-, hydroxyl-L-proline (HLP),
and sodium oxalate (NaOx)-induced CaOx crystal formations in Malpighian tubules. (c) Monohydrate CaOx crystals and dihydrate CaOx
crystals. (d) The different degrees (, þ , þ þ , and þ þ þ ) of CaOx crystal deposition in the Malpighian tubules for semiquantification
of crystal formation (arbitrarily crystal score: 0¼ no, 1¼weak, 2¼moderate, and 3¼ strong crystal formation).
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to determine the impact of lithogenic agents on life span and
mortality. The control insects had mean and maximum life
span of 40.5 and 66 days, respectively. The mean life span
was significantly reduced by administration of EG, HLP, and
NaOx (Figure 3a). Furthermore, administration of EG, HLP,
and NaOx had the effect of elevating the incidence of crystal
formation in a dose-dependent manner (Figure 3b). These data
confirm that high-dose administration of EG, HLP, and NaOx
causes significant reduction of the life span of Drosophila.
Inhibition of crystal formation and life-span extension
Recent metabolic studies suggest that high doses of
potassium citrate (K-Citrate) may be effective in reducing
the risk of formation of stones risk because of alkali load and
the citraturic response.4 In a rat model of EG-induced CaOx
nephrolithiasis, oral K-Citrate was found to be effective in
preventing CaOx stone formation.25 In the present study, we
next investigated the effect of K-Citrate granules (Gentle
Pharma, Yunlin, Taiwan) for the prevention of crystal
formation in Drosophila. K-Citrate granules are used as an
effective treatment in humans. The results of this investiga-
tion indicate that administration of K-Citrate inhibits EG-
induced CaOx crystal formation in a dose-dependent
manner. The crystal deposit scores dropped significantly in
study groups treated with K-Citrate (Figure 4a). In parallel,
administration of K-Citrate was found to significantly
ameliorate the EG-induced reduction of life span of the
treated insects (Figure 4b). Administration of K-Citrate
successfully reduces the quantity of CaOx crystals and
modulates the integrity of the crystals. Smaller crystals (þ
to þ þ ; weak to moderate) of powdery shape were formed
mainly in the vicinity of the ‘ureter’ region of the Malpighian
tubules (Figure 4c). Additionally, administration of K-Citrate
significantly inhibited both HLP- and NaOx-induced crystal
formations. However, administration of K-Citrate failed to
ameliorate NaOx-induced reduction of life span (Figure 4d).
Melamine-induced crystal formation
In addition to hyperoxaluria-causing agents, melamine-
contaminated milk formula has been found to cause infant
nephrolithiasis. We also tested the effect of melamine on
Table 1 | Incidence of crystal formation for different
lithogenic agents in Drosophila
Crystal formation (%)
Male Female Total
Control 6.6±3.6 46.8±3.4 24.3±3.0
EG
0.1% 54.8±9.4* 67.0±4.9* 61.3±2.8*
0.5% 94.2±1.5* 98.4±0.1* 97.7±1.4*
0.75% 100.0±0.0* 100.0±0.0* 100.0±0.0*
1% 100.0±0.0* 100.0±0.0* 100.0±0.0*
HLP
0.01% 4.6±7.5 90.3±8.3* 38.5±3.1*
0.1% 9.0±5.7 91.2±8.2* 42.4±9.9*
1% 15.3±2.8* 91.6±11.7* 48.7±7.5*
NaOx
0.01% 49.6±3.5* 98.0±3.4* 73.8±4.3*
0.05% 91.0±5.3* 96.0±3.5* 93.7±4.5*
Abbreviations: EG, ethylene glycol; HLP, hydroxyl-L-proline; NaOx, sodium oxalate.
*A probability, P-value ofo0.05, was considered significant compared with control.
Values were expressed as means±s.e.m. Statistical evaluation was performed using
one-way analysis of variance (ANOVA) followed by Bonferroni test.
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Figure 2 | Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS or EDX) microanalysis for calcium
oxalate (CaOx) crystals. Representative SEM images and EDX spectrums of a grain present at the top of Malpighian tubules under
ethylene glycol (EG) treatment. After removing Malpighian tubule tissue with lysis buffer, SEM shows internalization view. Surface shows
adherence with protruding crystals. EDS spectra were recorded at 20 kV. The inset photo shows the polarized microscopy image of
the crystal sample, the arrow shows the location where the beam was focused; EDS spectra obtained with the beam focused at points
in the crystal sample. The predominant components were found to be carbon (C), oxygen (O), and calcium (Ca). Scale bar¼ 60mm.
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crystal formation in Drosophila. The results indicate that
administration of melamine caused crystal formation in a
dose-dependent manner (Supplementary Figure S1b online).
The crystals also appeared after ingestion of melamine
in the Malpighian tubules of Drosophila when viewed
with polarized light (Supplementary Figure S1a online).
Administration of K-Citrate was found to significantly
ameliorate the EG-induced reduction of life span. However,
administration of K-Citrate failed to reduce the quantity of
crystals (Supplementary Figure S1c online). As CaOx is not
the major crystals induced by melamine,26 the predominant
components of melamine-induced crystals and the potential
crystal inhibitors warrant further investigation.
DISCUSSION
The data provide us with evidence that the in vivo CaOx
stone disease can be efficiently studied using a Drosophila
model. Like the previously employed rat model in combina-
tion with EG administration, our Drosophila model has
proven effective for inducing the CaOx crystal formation
process responsible for production of CaOx renal stones. Our
novel Drosophila animal model satisfies the following criteria
proposed by Wolkowski-Tyl et al.:27 (1) the test animals
should develop uroliths rapidly and reproducibly, (2) the
symptoms should be ameliorated or prevented by drug
treatments known to be effective in humans, and (3) the
drugs tested should be administered orally. In our investiga-
tion, the physical characteristics of calculi removed from
human and Drosophila are found to be identical. Crystal
formation in Drosophila is found to be responsive to
K-Citrate therapy, as it is in the case of human calcium-
related urolithiasis.
Administration of EG to rats is the most common method
for inducing CaOx renal stones in vivo.28 Other methods for
experimentally inducing CaOx renal stones include adding
HLP to drinking water or food, implantation of osmotic
mini-pumps filled with oxalate, resection of ileum in
combination with oxalate feeding, and intraperitoneal
administration of oxalate or HLP.29–32 Knight et al.33 have
reported the data for HLP ingestion and urinary oxalate and
glycolate excretion in humans. Their results revealed that the
kidney absorbs significant quantities of HLP and glycolate.
The Malpighian tubule has proved to be a good model for
some human renal disease, and to act as an organotypic
‘testbed’ for mammalian genes.18 However, how similar is
Drosophila metabolism to mammalian in the pathway where
HLP is a precursor to glyoxylate, and the major site of
metabolism of HLP in flies versus mammals, are still unclear.
Although the principal precursor of oxalate is believed to
be glyoxylate, pathways in humans and flies resulting in
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Figure 3 | High-dose hyperoxaluria-causing agents induced Drosophila life-span reduction and increased incidence of
crystal formation. (a) Cumulative survival distributions by administration of hyperoxaluria-causing agents ethylene glycol (EG),
hydroxyl-L-proline (HLP), and sodium oxalate (NaOx). Flies treated with hyperoxaluria-causing agents showed significant life-span reduction
in a dose-dependent manner compared with control (nD150 for each group, Po0.0001). (b) The relation of mean life span and incidence
of calcium oxalate (CaOx) crystal formation in male Drosophila treated with hyperoxaluria-causing agents (nD100 for each group,
*Po0.01 compared with control). In this and the following figures, only male flies were used, with their numbers indicated in parentheses
for each experiment.
Kidney International (2011) 80, 369–377 373
Y-H Chen et al.: Drosophila model for stone disease o r ig ina l a r t i c l e
glyoxylate synthesis are also not well defined; their metabo-
lism to oxalate in this tissue warrants further consideration.
In contrast, EG is broken down in vivo into four organic
acids: glycoaldehyde, glycolic acid, glyoxylic acid, and oxalic
acid. The oxalic acid subsequently precipitates as CaOx
crystals in the kidneys.34 The rat model has been criticized
because of the side effect of metabolic acidosis induced
by administration of EG. Nevertheless, Green et al.35 stated
that metabolic acidosis does not always happen when the
renal function is preserved. Therefore, EG should be used
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when the rat’s renal function is normal. Evaluation of the
rat model may be complicated by impaired renal function
due to drug or stone effects. As it is well established that
EG leads to a high anion gap metabolic acidosis in patients,
we should be cautious in dismissing the development of a
metabolic acidosis in our model. It is entirely possible that
the negative correlation between EG dose and life span is
because of either toxic effects of the EG in Drosophila and/or
an EG dose-dependent-induced metabolic acidosis. The
positive correlation between EG dose and CaOx crystal
formation could be driven by the decline in ‘renal’ function,
as the severity of the acidosis or the degree of toxicity
increases with an increase in EG dose. Given that K-Citrate is
equivalent to a base load (from an acid-base point of view)
and increases citrate excretion (from a risk of kidney stone
formation point of view), it would be predicted that the
metabolic acidosis would be less severe (and life span
increased) and CaOx crystal formation decreased with
K-Citrate administration.
The function of all animal excretory systems is to rid the
body of toxins and to maintain homeostatic balance.
Although excretory organs in diverse animal species appear
superficially different, they are often built on the two
common principles of filtration and tubular secretion/
reabsorption. The Drosophila excretory system is composed
of filtration Malpighian tubules.36,37 Various insects contain
crystalline structures such as CaOx or calcium urate that are
predominantly localized in the Malpighian tubules.38 In one
notable example, the urine of plant-feeding caterpillars is
loaded with granules and crystals of calcium carbonate and
CaOx that are derived from the diet. These compounds are
thought to either bind to or eliminate excess calcium or, in
the case of CaOx, to neutralize and eliminate the oxalic
acid.38,39 Calcium salts have also been reported to be present
in the shells of eggs of various insects, adding to their rigidity.
Whereas other calcium salts such as calcium carbonate,
calcium urate, or CaOx that have been observed in a variety
of insects usually occur in the Malpighian tubules, calcium
tartrate crystals have been identified in the midgut of the
grape leafhopper. The accumulation of calcium salts in the
midgut of insects has been detected only in rare cases.39,40
The primary excretory organs of insects are the Malpighian
tubules and the rectum. The blind-ended Malpighian tubules
empty into the intestinal tract at the midgut/hindgut
junction.41 The site of the initial solid phase has long been
the subject of debate. Our observations of the initial segment
are in agreement with previous observations that interstitial
crystals are located at, or adjacent to, the papillary tip.
Randall’s plaques were found to be common in the tubules
of insects with stone formations. On the other hand,
Malpighian tubules secrete primary urine that is isosmotic
to hemolymph and rich in KCl and/or NaCl. The processes of
regulation of calcium and oxalate transport in Malpighian
tubules remains unclear.42 The molecular mechanisms
underlying calcium and oxalate transport must be more
clearly defined.
Because natural and experimental fly ‘urolithiasis’ is
similar to the human disease, the Drosophila model could
be used to further define the pathogenesis of formation of
CaOx calculi. Other lithogenic factors in addition to
hyperoxaluria-causing agents need to be more clearly defined.
For example, melamine-contaminated milk formula has been
found to cause infant nephrolithiasis in some areas of China.
Its combination with cyanuric acid causes crystallization in
renal tubules. Recently, the assessment of melamine and
cyanuric acid toxicity in cats and dogs has been reported.43–45
Our Drosophila model can provide another complementary
platform (as a substitute for ‘pets’) to avoid experimentation
on domestic animals for further examinations of the
mechanisms of melamine-related urolithiasis. The model
would also be useful in the evaluation of drugs, diets, or even
herbal medicines46 that might be used to prevent the
formation or induce the dissolution of calculi. K-Citrate is
a well-known drug for the prevention of stone disease.
However, it can only adjust the thermodynamic stability from
one side of solubility equilibrium. The solubility of a
combination of potassium oxalate and calcium citrate is
higher than the original ions from CaOx. Future trends in the
treatment of CaOx stone disease should be focused on the
other side of the solubility equilibrium, that is, the
adjustment of oxalic acid levels. Selectivity of the response
to different types of therapy implies that the Drosophila
model may provide value in the development of new drugs.
Thus, because of its simplicity and specificity, the model
appears to offer advantages for studies of the mechanism,
pathology, and treatment of calcium urolithiasis.
Urolithiasis is usually associated with metabolic abnorm-
alities that may include hypercalciuria, hyperphosphaturia,
hyperoxaluria, hypocitraturia, hyperuricosuria, cystinuria, a
low urinary volume, and defects of urinary acidification.47
The etiology of these metabolic abnormalities and of
urolithiasis is multifactorial and involves interactions be-
tween environmental, hormonal, and genetic determinants.48
With the complete sequencing of the Drosophila genome, and
the concurrent development of postgenomic technologies
such as microarrays, proteomics, metabolomics, and systems
biology, completely unexpected roles for the insect Mal-
pighian tubule have emerged.49 In addition to the classical
role of osmoregulation, the Malpighian tubule is highly
specialized for organic solute transport, as well as metabolism
and detoxification. Our present Drosophila model may also
be used as a platform for studies of lithogenic genetic
factors50 that play roles in idiopathic hypercalciuria or
hyperoxaluria.51
A comparison of the characteristics52 of human and
Drosophila urolithiasis/nephrolithiasis is provided in Table 2.
Although Drosophila can be used as a model for urolithiasis,
EG-induced crystal deposition in Drosophila and sponta-
neous urolithiasis in humans have some differences. The
induced urolithiasis was found to be more prevalent in
human males and was accompanied by hypercalciuria and
aciduria. Men are also more susceptible to stone formation
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than women, and hypercalciuria is perhaps the most
common biochemical abnormality in patients with calcium
urolithiasis. Calcium salts have also been reported in the eggs
of various insects and add to the rigidity of the shell.
Therefore, the male Drosophila rather than female may
represent a more stable model for CaOx stone disease. On the
other hand, pathological changes in the kidneys, which
include renal injury and dysfunction, can lead to retention of
crystals.32 As Drosophila is not appropriate for investigation
of renal functions, appropriate evaluation methods must be
further established. Additionally, whether the drug dosages
scaled for administration to Drosophila can provide an
approximation for the optimum therapeutic range for
humans has yet to be clarified. Furthermore, because dietary
factors play an important role in the crystal formation, the
Drosophila medium should be conscientiously controlled to
prevent contamination with potential lithogenic factors such
as melamine-containing dairy products.
Some limitations should be considered in this study.
The translation of our obtained results using the proposed
model to the humans is rather difficult. There are two
main concerns. One is that the absorption, metabolism,
and excretion of a given substance using an insect model
can be totally different to those of mammals, and conse-
quently the results may not be comparable. The second
aspect is related to the composition of fluids in Malpighian
tubules of insects and the urine composition of mammals.
Obviously, the crystallization of CaOx in a fluid strongly
depends not only on its supersaturation, but also on the
other components of such fluids and on their ionic strength.
As Drosophila is not appropriate for investigation of renal
functions, appropriate evaluation methods must be further
established.
In summary, from the study of fruitfly, we have made well
progress toward validation of an original research method for
studying in vivo CaOx stone disease. The use of hyper-
oxaluria-causing agents for inducing CaOx crystal deposition
in the Malpighian tubules of Drosophila has the potential to
allow Drosophila to be used as a novel cost-effective
urolithiasis model.
MATERIALS AND METHODS
Fly stocks and rearing conditions
Wild-type flies, D. melanogaster CS, were used in these experiments.
Flies were reared in plastic vials containing standard fly medium
(yeast, corn syrup, sugar, and agar), at 25 1C, 50–60% humidity, with
a 12-h light–dark cycle.
Lithogenesis of flies
The experimental model of CaOx crystal formation was produced in
both male and female CS Drosophila as described below. Different
concentrations of EG, HLP, NaOx, or various nutritional manipula-
tions were added in the fly medium (wt/vol). After 3 weeks, the flies
(nD100 for each group) were killed under CO2 narcotization, and
the Malpighian tubules were dissected, removed, and processed for
polarized light microscopy examination. The crystals were also
processed for further SEM and EDS studies. The K-Citrate granules
were kindly provided by Gentle Pharma.
Polarized light microscopy
After the CaOx crystal induction period, the Malpighian tubules
were dissected and immediately observed under normal and
polarized white light with an Olympus BX51 optical microscope
(Tokyo, Japan). The relevant aspects were photographed and the
scales were obtained with the projection of a micrometric slide
under the same conditions utilized in the illustrations.
Electron microscopy and EDS microanalysis
Microanalyses were performed with a JEOL JSM-6700F SEM
(Tokyo, Japan), with EDS, operated at an accelerated voltage of
20 kV. Pieces (12 12 mm2) of the slides containing the samples
were fixed on a carbon support with carbon tapes. In order to
improve the image contrast, carbon was evaporated to form a thin
(few nanometers) layer over the sample.
Fly collection and life-span assay
To set up life-span assays, new emergents were collected under light
CO2 anesthesia. Foam plugs, instead of cotton plugs, were used and
the food vials were kept horizontally to avoid weaker flies being
accidentally stuck to food or cotton plugs. Survivors in each vial
were counted and dead flies were removed daily. Survivorship was
compared and tested for significance with log-rank tests. Life-span
curves were from pooled counts of a large number of vials (nD150).
Statistical analyses
One-way analysis of variance was applied to detect overall
differences among the groups; for all multiple comparisons,
Bonferroni correction was applied. Significantly different groups
were compared pairwise using the Mann–Whitney U-test for crystal
scores. For comparison between two life-span curves, we determined
P-value in the log-rank test. All statistics were done using the
SigmaStat software (SPSS; Systat Software, San Jose, CA).
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B. Dietary factors play an important role in stone/crystal formation
C. The stone/crystal can be ameliorated or prevented by oral drug
treatment
D. Familiar physiology function of kidneys and Malpighian tubules
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A. Increased prevalence in male of humans but in female of Drosophila
B. The symptom, complication, and mortality are inconsistent
C. Distinct drug pharmacokinetics and pharmacodynamics
D. Discrepant anatomy conformation between kidneys and Malpighian
tubules
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